Depression is a common mental health problem with a higher prevalence in medical students than in the general population. This study aims to investigate the association between depressive symptoms, particularly those in each domain of the Center for Epidemiological Studies Depression (CES-D) Scale, and related factors. A cross-sectional study was conducted with a random sample of 1319 medical students at Haiphong University of Medicine and Pharmacy in 2016. The CES-D scale and a self-reported questionnaire were used to identify the prevalence of depressive symptoms and related risk factors. Univariate and multivariate logistic regression were performed to assess the risk factors associated with depressive symptoms and the score for each structure factor. Depressive symptoms were observed in 514 (39%) students, including more males than females (44.2% vs 36.9%, p = 0.015). Students whose mothers' highest education level was primary school had a higher prevalence of depressive symptoms than students whose mothers had higher education levels (p = 0.038). There was a significant relationship between depressive symptoms and stressful life events, especially a decline in personal health. A higher correlation was found between the somatic complaints and depressive affect domains. The impacts of risk factors differed for each domain of the depression scale. Only the factor of achieving excellence showed no statistically significant associations with depressive symptoms and the scores on the four domains considered in this study. The high prevalence of depressive symptoms among medical students with risk factors and the impact of these risk factors on each domain of depression scale need further clarification to alleviate depression in students during their medical training.
Introduction Depression, a well-known mental health concern, is ranked by the World Health Organization (WHO) as the single largest contributor to global disability and a major contributor to suicide deaths [1] . Globally, the total number of people with depression was estimated to exceed 300 million in 2015 and to have increased by 18 .4% in the 10 years since 2005 [2] . Depression presents as persistent sadness, a loss of interest and energy, an inability to carry out daily activities, a change in appetite or sleeping time, poor concentration, hopelessness and thoughts of selfharm or suicide [3] . It is a consequence of complex interactions among many factors. Among adolescents, a combination of biological, psychological and environmental factors has been documented to increase the risk of depression [4] . In addition, sociodemographic characteristics, such as age, income, parenting style, living conditions and parent education, have also been associated with depression [5] [6] [7] .
Medical school is a time of significant psychological distress for physicians in training. The school applies an extensive selection process to identify intelligent and altruistic individuals with a strong commitment to medical education and then spends years trying to prepare those individuals to achieve their goals. Medical students face numerous common daily life stressors in addition to stress specifically arising from longstanding academic demands, such as high workloads and sleep deprivation, which create a work environment that can lead to the develmeasure depressive symptoms [19] . The aim of this study was to investigate the prevalence and risk factors associated with depressive symptoms among medical students at Haiphong University of Medicine and Pharmacy (HPUMP), Vietnam, throughout their medical education, particularly to determine whether there were changes in each domain that the depression scale assesses.
Materials and methods

Ethics statement
We followed all national standards and laws for research in humans and obtained the necessary permission to conduct this study. The research protocol was approved by the HPUMP Review Board in Bio-Medical Research, the ethics committee of HPUMP (number 06/ HPUMPRB, approved in December 2015). Written informed consent was obtained from all study participants.
Participants and procedures
This cross-sectional observational study was performed at HPUMP, one of five medical universities in Northern Vietnam (the others are Hanoi Medical University, Thai Nguyen Medical University, Thai Binh Medical University, and Vietnam Military Medical Academy). For the 2015-2016 school year, HPUMP had 5822 undergraduate students, including 4093 regular students, 881 students attending crash courses (course for students who have already had jobs related to the medical field) and 847 in-service students [20] . The present study included only undergraduate regular students. All the classes in each year (from the 1 st year to the 6 th year) each class from the Student Office. The staff at the Student Office helped to pick up the class for investigating. Depending on the schedule (when all the students of one class could gather for a lecture at the university), we visited classes and recruited students after their classes finished. Students were recruited from four randomly selected classes in each grade. A total of 1359 students in different semesters and majors who agreed to participate in this study were chosen and given questionnaires (response rate was 100%). After the data were cleaned, 40 students (3%) were excluded because of missing data. Finally, the data of 1319 undergraduate students were used for the analysis. The self-reported questionnaire was given to each student to complete after classes. The questionnaire comprised three parts: 1) Sociodemographic data (gender and age), specialization (general medicine or other: preventive medicine, medical technicians, nursing, odontostomatology, pharmacy), grades (pre-clinical and clinical grades), hometown area (suburb or urban), living condition (dormitory, rental house, or with family), marital status (single or other: engaged, married, or divorced), parents' highest educational background, and parents' marital status; 2) Depression-related factors (including stressful life events items such as conflict with parents, financial problems, death of a close family member, lower grades than expected [21] and others: health problems, whether they would chose a medical career again, conflict with teachers, etc.); and 3) CES-D scale.
Measures
The CES-D scale consists of 20 calibrated items designed to measure depressive symptoms in the general population [19] . The CES-D has a four-domain structure comprising depressed affect (7 items), somatic complaints (7 items), positive affect (4 items) and interpersonal activity (2 items). Specific depression symptom factors have implications for both assessment and treatment. It is often suggested that patients who have different symptom profiles are likely to have different prognoses and may require different treatment [22] . Each item is scored ranging from zero to three to indicate how often the symptom occurred during the past week: rarely or none of the time (0), some or a little of the time (1), occasionally or a moderate amount of the time (2) and most of the time (3). Total scores on the CES-D scale range from 0 to 60 points, with a higher score indicating a higher level of depression. The standard cut-off score of 16 was used to detect cases with depressive symptoms. A Vietnamese version of the CES-D that was validated in Vietnamese adolescents with a high internal consistency (Cronbach's alpha of 0.84) [23] was used to measure depressive symptoms.
Statistical analyses
The collected data were recorded in Excel for Windows, and statistical analyses were performed using the software package SPSS version 19.0 (SPSS, Inc.). The chi-square test was used to assess the significance of differences in the distribution of selected sociodemographic characteristics. Logistic regression models were employed to assess the factors associated with dependent variables (depression and each domain). All sociodemographic variables that had p<0.05 in the univariate analysis were used as confounding factors in the multivariate analysis (S1 Table) . A value of p<0.05 and a 95% confidence interval were used for all analyses.
Results
Sociodemographic characteristic
A total of 1319 students participated in the study, and 514 (39%) reported depression. The prevalence of depressive symptoms in the male students was 44.2% (164/371), which was significantly higher than the prevalence in females (36.9%, 350/948). Among the students, 61.8% were younger 20 years of age, and only 4.6% were older than 25 years of age. More than 90% of the students were Kinh people and had no religious affiliation. Regarding location of residence, 81.4% of the students were from the suburbs, and 75% lived in rental houses. The number of students in the general medicine course was 511 (38.1%), which was a smaller proportion than that that of students in specializations (808 participants; 61.3%). There were 54.1% students in the pre-clinical grade level and 45.9% practicing in the hospital. Only 3.9% of the students were married or living with partners. Most of the students had fathers and mothers with an educational background of secondary school. Of the students whose mothers' highest education level was primary school, 52.6% had depressive symptoms, a significantly higher proportion than other groups. Sample characteristics are shown in Table 1 .
Factors associated with depressive symptoms
Univariate and multivariate logistic regression analyses were performed to study the association between depressive symptoms and related factors. The risk of depressive symptoms in female students was 0.739 times lower (95%CI: 0.579-0.943) than in male students. Students whose mothers' highest educational background was primary school had a significantly higher risk of experiencing depressive symptoms compared with those whose mothers had a higher educational level (S1 Table) . Students were likely to show increased depressive symptoms if they felt an increase in pressure to study ( 
Factors associated with each domain of the CES-D scale
All four domains had positive significant associations with one another, and the correlation between somatic complaints and depressive affect was the strongest (r 2 = 0.734). These two domains also had a stronger correlation with the overall depression score than the other domains did (somatic complaints: r 2 = 0.854, depressive affect: r 2 = 0.897; Table 3 ).
Being absent from many classes, having conflicts with teachers, experiencing a decline in personal health, having conflicts with parents, having difficulties participating in social activities and feeling uncomfortable with one's living situation were factors that had positive significant associations with all four domains. Experiencing a decline in personal health had the strongest effect on the somatic complaints and depressive affect domains compared with other factors, with ORs of 2.345 and 2.110, respectively; the second strongest impact was that the effect of a university policy offense on these domains (OR of 2.108 and 2.086, respectively). Achieving excellence in study did not have a significant relationship with any of the four domains. Financial difficulty only significantly affected the somatic complaints domain (B = 0.734, p<0.001) and the depressive affect domain (B = 0.947, p<0.001). The positive affect Four-domain structure models/depression scale/medical students/Vietnam domain was less affected by the factors than the other domains were; only six of the 13 factors had a significant association (Table 4) .
Discussion
The present study showed the high prevalence of depression in medical students in Northern Vietnam and the appreciable effect of medical education, relationships, life events and personal health on depression. To the best of our knowledge, this is one of very few studies on depression in Vietnamese medical students and the first study that has investigated the association between depressive symptoms and related factors, particularly for each of the four domains of the CES-D scale.
Recently, an increasing number of studies have evaluated depression and the mental health of medical students. Overall, these studies have consistently suggested that levels of depression among medical students are higher than among the general population and that female medical students have higher levels of depression than male students [9, 24] . Inversely, other studies have suggested that among medical students, females were not more vulnerable to depression than males [25, 26] . In the current study, 39% of the medical students appeared to be experiencing symptoms of depression, which was higher than the prevalence found in another study carried out in the general young population of Vietnam [27] . The current study also found a higher prevalence of depression than a previous study among Vietnamese medical students [28] . A meta-analysis study by Rotenstein LS using data from 167 cross-sectional studies and 16 longitudinal studies from 43 countries estimated the prevalence of depression or depressive symptoms among medical students as 27.2%; the prevalence among Asian medical students was 29.1% [29] . Those findings were lower than ours. Other meta-analysis study by Puthran that extracted data from 77 studies also demonstrated a global prevalence of depression among medical students of 28.0%; the prevalence in Asian countries was 30.1% [30] . The difference may be due to using different tools to evaluate depressive symptoms in each study. Additionally, Rotenstein reported that low-and middle-income regions (Africa, the Middle East) had a higher prevalence of depression (46.3%, 35.2%), which is in line with the trend towards a higher prevalence of depression in Middle Eastern students reported in Puthran's study. Along with our findings, those results suggest that income might be an important depression-related factor. Furthermore, this study did not find a trend toward a higher prevalence of depressive symptoms in female students; on the contrary, we found that the prevalence was higher in males. One possible explanation for this inconsistency is the difference in the instruments used to assess depression. However, our results were in line with the findings of other studies that used the CES-D questionnaire; those studies showed that more than 30% of American students [31] and 37% of Korean students [32] experience depression. These reported values are higher than those of other studies, including studies at Albert Einstein College of Medicine [33] and studies conducted among female students in Israel [34] and in Hawaii [35] . However, they are lower than the prevalence of depressive symptoms reported for Chinese students [36] and North American [37] students. A number of studies have examined the contribution of depression-related factors to medical students' mental health. In addition to the rigors of training, medical students can face major personal life events, such as illnesses and death of family members. Such personal factors are known to contribute to depression, anxiety and substance use in the general population [38] [39] [40] . A study of Turkish medical students showed that depression is associated with dissatisfaction with social activities, worry about having made the wrong career choice, accommodation problems, education failures and worries about the future [41] . The findings related to these risk factors in our study support similar associations in previous studies. Of these factors, those that affected educational progress, such as being absent from many classes and conflicts with teachers, as well as daily life-related factors, such as conflicts with parents, difficulties participating in social activities, discomfort with one's living situation and declines in personal health, were correlated with depression in all four domains. The development of close relationships between students and lecturers and between children and parents is an important solution for reducing symptoms of depression in students. The relatively high correlation between the somatic complaints and the depressive affect domains found in the current study suggests that these two domains have similar relationships with risk factors and stronger codependent relationships than the other structure factors. However, the level of impact that each risk factor had on individual domains was different. Similar to somatic complaints and depressive affect, interpersonal problems had a significant relationship with most of the risk factors; the exceptions were lower grades than expected, achieving excellence in studies and financial problems. Students who said that they would choose a medical career again had a higher risk of depression; however, this factor was only correlated with interpersonal problems of feeling unfriendliness or dislike from others. Being a regular student in medical school in Vietnam, as in other countries, is very difficult. However, before high school students take medical school admissions examinations, they do not receive any information about the course of training in medical school or the differences among specializations. Therefore, many students misunderstand their majors and lose their sense of direction when studying. Additionally, the medical education and health systems in Vietnam still have limitations compared with those in other countries; consequently, medical schools are changing their curriculums to more closely resemble those of international medical schools. These changes strongly affect students' willingness to choose the same career again given the chance. Thus, the development of stable education system that is suitable to Vietnam's situation is an urgent requirement. Conflicts with teachers had the second strongest impact on depression. This factor had the strongest effect on positive affect, the second strongest effect on interpersonal problems and a lower effect on the two remaining domains. Having a university policy offense showed a high correlation with depression, but it was not significantly associated with positive affect. Financial problems have been identified as a possible risk factor for depression in several studies [38, 42] . In the present study, financial problems were one of two factors that did not affect depression. However, when each domain was analyzed, significant correlations between financial problems and depression were found in the somatic complaints and depressive affect domains. These results support the conceptual distinctions among the four domains. Because this is the first study to evaluate the specific associations between each of the four domains of the CES-D scale and related risk factors for depression in medical students, there is no comparable data available in the literature. Nevertheless, our analyses may imply that depression-related factors do not influence the four domains of the CES-D scale in exactly the same way. Therefore, to reduce the prevalence of depression among medical students, particularly students at HPUMP, Vietnam, we should consider each factor carefully and apply suitable solutions, such as developing a student union or clubs or increasing social activities for students.
It is essential to consider the limitations of the data and the analysis in this study. This was a cross-sectional study that used an epidemiological scale as a self-assessment measure without any confirmation from clinical physicians. Moreover, in the present study, we only identified depressive symptoms using a cut-off score of 16 and did not evaluate the level of depression; therefore, we could not show the association between risk factors and the severity of depression more clearly. Because the study was performed at one point in time and used convenience sampling with a lack of baseline information on mental status, our results cannot be used to draw conclusions about causal relationships and how distress in medical students changes throughout the course of training. Future longitudinal studies should focus on other ways to obtain more precise results.
Conclusions
This was the first study to investigate the association between the four domains of the CES-D and risk factors for depression in medical students. The study found that various risk factors have different impacts on each domain of depression. The present study clarified the influence of risk factors on depression in hopes of make better recommendations to reduce the prevalence of depression in medical students. 
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